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Rezumat. Nanomedicina – Aspecte de reglementare
Nanomedicina este un domeniu nou revoluţionar, care poate aduce benefi cii pentru diagnostic, tratament şi contribuie 
în mod semnifi cativ la o mai bună calitate a vieţii. Deşi benefi ciile estimate ale nanomedicinei sunt colosale, riscurile 
potenţiale pentru sănătatea umană şi mediu, de asemenea, sunt considerabile. Creşterea multi-funcţionalităţii şi comple-
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xităţii produselor nanomedicale necesită standarde înalte de calitate, siguranţă şi efi cienţă. Deci, în cazul tehnologiilor 
noi, atunci când datele sunt în proces de elaborare şi incertitudinea ştiinţifi că predomină, gestionarea riscului trebuie să fi e 
sporită. În pofi da faptului că nanomedicina este la un stadiu incipient de dezvoltare, mecanismele de reglementare ar tre-
bui să ofere calitate, siguranţă şi efi cacitate corespunzătoare a produselor nanomedicale. Procesul de studiere ştiinţifi că ar 
trebui să fi e susţinut de elaborarea reglementărilor şi ghidurilor de conduită, care ar oferi un nivel satisfăcător de siguranţă 
privitor protecţia sănătăţii omului. Abordarea multidisciplinară poate favoriza adoptarea regulamentelor şi ghidurilor, 
destinate gestionării riscurilor şi protecţiei sănătăţii omului.
Cuvinte-cheie: nanomedicina, legislaţie, ghiduri, evaluare, aprobare, reglementare, tehnica medicală, inofensivitatea 
nanomaterialelor
Summary. Nanomedicine – Regulatory aspects
Nanomedicine is a new revolutionary fi eld that can bring benefi ts for diagnosis and treatment and contribute signifi -
cantly to a better quality of life. Although the expected benefi ts of nanomedicine are huge, the potential risks on human 
health and environment are considerable as well. The increasing multi-functionality and complexity of coming nanome-
dical products require a very high safety, quality and effi cacy standards. So in case of nascent technologies, when the data 
are still emerging and scientifi c uncertainty prevails, risk governance should be in place. Despite the fact that nanomedi-
cine is at a quite early stage of development, regulatory mechanisms should provide the corresponding quality, safety and 
effi cacy of nanomedical products. The process of scientifi c knowledge should be sustained by developing guidelines and 
codes of conduct that provides a satisfactory level of safety mean to protect human health. The multidisciplinary approach 
can help the adopting of guidelines and regulations, intended to manage the risks and protect human health.
Key words: nanomedicine, legislation, guideline, assessment, approval, regulation, medical device, nanomaterial 
safety
Резюме. Наномедицина – вопросы реглементирования
Наномедицина новая революционная область, которая может принести пользу в диагностике, лечении и 
внести значительный вклад в улучшение качества жизни. Хотя ожидаемые выгоды наномедицины огромные, 
потенциальные риски для здоровья человека и окружающей среды также являются значительными. Растущая 
многофункциональность и совокупность наномедицинских продуктов требует очень высокий уровень 
безопасности, качества и стандартов эффективности. Так что в случае зарождающихся технологий, когда данные 
находятся в стадии разработки и научная неопределенность преобладает, контроль за рисками должен быть на 
высоком уровне. Несмотря на то, что наномедицина находится на достаточно ранней стадии развития, механизмы 
регулирования должны обеспечить соответствующее качество, безопасность и эффективность наномедицинских 
продуктов. Процесс научного познания должен быть подкреплён разработкой надлежащих регламентов 
и руководств, которые бы обеспечивали удовлетворительный уровень безопасности и защиты здоровья 
человека. Междисциплинарный подход может поддержать принятие надлежащих регламентов и инструкций, 
предназначенных для контроля за рисками и для защиты здоровья человека.
Ключевые слова: наномедицина, законодательство, руководство, оценка, апробирование, регламентирование, 
медицинская техника, безопасность наноматериалов
“Real knowledge is to know the extent of one’s 
ignorance.” Confucius.
Nanotechnology, the science of manipulating 
matter at the atomic scale, will probably initiate the 
next industrial revolution. Already, nanotechnology 
products start to be used in many areas of everyday 
life, including in the healthcare sector. A wide variety 
of commercial applications are already on the market, 
and continuing investigation, research and develop-
ment will undoubtedly lead to further innovation and 
a multitude of uses.
Nanomedicine can be defi ned as the application of 
nanotechnology for the diagnosis, monitoring, preven-
tion and treatment of clinical conditions. Applications 
include nanoscale drugs and targeted drug delivery 
systems, anti-microbial medical dressings and textiles, 
in vivo imaging, bone substitutes and dental materials, 
coatings for in vivo implants and tissue repair structu-
res [1]. Nanotechnology is also providing tools to help 
in the identifi cation and understanding of biomarkers 
involved in the different stages of diseases [1].
Billions of euros are being invested into research 
and development around the world, with the prospect 
of nanoscale technologies and materials being used in 
many diverse applications. Market researches that have 
been conducted predict a great boost in the market of 
pharmaceutical applications. The global nanomedicine 
market reached $43.2 billion in 2010 and $50.1 billion 
in 2011. The market is expected to grow to $96.9 billi-
on by 2016 at a compound annual growth rate (CAGR) 
of 14.1% between years 2011 and 2016. The central 
nervous system (CNS) products market reached $11.7 
billion in 2010 and $14.0 billion in 2011. It is expected 
to grow to $29.5 billion by 2016, a CAGR of 16.1% 
between years 2011 and 2016 [2].
The existence of nanoparticles is not new. Nano-
particles existed in nature a long time ago, a fact that 
scientists are already aware of [3]. There are seve-
Buletinul AŞM134
ral categories of nanomaterials, naturally occurring 
nanomaterials are found in nature, engineered nano-
materials are synthesized for a specifi c purpose or 
function, manufactured nanomaterials are produced 
for commercial purposes, and incidental nanomate-
rials are generated as an unintentional by-product of 
a process. The properties of nanoparticles make na-
nomedicine unique, acting in a different way when 
compared to macroscopic medicine. The nano–cha-
racteristics make them innovative, able to overcome 
some limitations found in traditional therapeutic and 
diagnostic agents [4]. Although the small size of na-
noparticles makes them unique and have signifi cant 
usefulness in medicine, it can also pose dangers for 
human health and the environment. 
To completely characterize nanomaterial it is ne-
cessary to know a multitude of chemical and physi-
cal parameters including: the size of the particle, their 
shape, surface characteristics, the presence of surface 
coatings, the presence of impurities etc. Consequently, 
at the nanoscale, analytical measurement challenges 
are considerable and the ability to use, for example, 
one technique such as inductively coupled plasma and 
mass spectrometry (ICP-MS) to measure the elemental 
concentration of gold in a suspension as the only me-
tric, does not provide enough information [5].
Wim De Jong et al. observed that the main charac-
teristics that make engineered nanoparticles of signi-
fi cant importance and application to the medical sec-
tor are their large surface to mass ratio, their quantum 
properties and their ability to absorb and carry other 
compounds [6]. Due to their small size, nanoparticles 
interact with the human body and according to studies, 
small size may lead to an increasing number of them in 
the body and their small size combined with the large 
surface area they have, may increase toxicity [6].  
Notwithstanding the fact that each class of nano-
particles may cause different adverse effects, the routes 
through which they can be inserted in the human body 
and interact with it, are the following: i) nanoparticles 
can be inserted into the body through inhalation, in-
gestion the nervous system, dermal exposure and the 
Figure 2. Key parameters for characterization of nanomaterials
Figure adopted from Hassellov, M., and Kaegi, R., Analysis and characterization of manufactured nanoparticles 
in aquatic environments, Chapter 6 in Environmental & Human Health Impacts of Nanotechnology, Eds., Lead, J.R. & 
Smith, E., 2009 Blackwell Publishing Ltd.
Source: BCC Research
Figure 1. Summary fi gure nanomedical global sales by therapeutic area, 2009-2016 ($ billions)
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venous system ii) absorption takes place when nano-
structures interact with biological components (e.g., 
cells, proteins) iii) distribution occurs when they spre-
ad through different organs iv) their structure might 
be unchanged, they can be metabolized or modifi ed v) 
they enter the cells of the organ and can reside there 
for unknown period of time until they are inserted into 
other organs or excreted from the body [4].  
Commonly used nanomaterials for medical pur-
poses include carbon nanotubes and nanoforms of 
silicon, gold, platinum, silver and a number of metal 
oxides. These materials may occur in a range of sizes 
and shapes, and are often encapsulated or coated with 
other materials to improve their performance. Other 
materials used include quantum dots, dendrimers and 
liposomes. Dendrimers, while promising as carriers 
of a variety of drugs such as anticancer, anti-viral and 
anti-bacterial drugs, may have limited use currently 
because of their cytotoxicity [7, 8].
The current regulatory system within Europe was 
not designed having nanomedicine in mind. As a con-
sequence, one of the biggest challenges that regulators 
face nowadays is to adjust nanomedicine to the current 
regime. The existing legal background is established 
on European Union legislation, legislation of other in-
ternational instruments and national Legislation [9]. 
The general regulation is supported by a series of gui-
delines for the assessment, approval and control of the 
medicinal products within European Union. The regu-
latory framework in the European Union under which 
the nanomedicine may fall is complex and multilevel. 
To be more specifi c, for Medicinal Products Regulati-
on 726/2004 on Authorization and Supervision of Me-
dicinal Products for Human and Veterinary Use [10] 
and Directive 2001/83/EC on Medicinal Products for 
Human Use are applicable [11]. For Medical Devices 
the normative framework consists of Directive 93/42/
EEC concerning Medical Devices [12], Directive 
90/385/EEC for Active Implantable Medical Devices 
[13] and fi nally Directive 98/79/EC concerning In Vi-
tro Medical Devices [14]. Apart from those Directives 
and Regulations, there are a variety of Guidelines and 
Principles, as Directive 2001/20/EC for Good Clinical 
Practice – Clinical Trials of Medicinal Products [15], 
Directive 2003/94/EC for Good Manufacturing Practi-
ce For Medicinal Products [16] and Directive 2005/28/
EC for Good Clinical Practice-investigational Medici-
nal Products [17]. In order to complete the regulatory 
puzzle, attention should be paid to the fact that me-
dicinal products for Advanced Therapy [18], Pediatric 
Use [19] and Orphan [20] are subject to different rules. 
Finally, other provisions are applicable to GMOs [11], 
Human Blood and Plasma [21] as well as Human Tis-
sue and Cells [22]. 
Currently, nanomaterials are not explicitly men-
tioned in REACH (the EU legislation on Registrati-
on, Evaluation and Authorization of Chemicals) [23]. 
Nanomaterials are clearly covered by the defi nition of 
a “substance”, however REACH itself does not men-
tion nanomaterials [24].
A critical question when assessing the regulation of 
nanomaterials is their precise characterization and de-
fi nition. An important step in development took place 
in October 2011 when the European Commission put 
forward a recommendation on the ‘Defi nition of Na-
nomaterial’ [25]. So, nanomaterial is defi ned as: “a na-
tural, incidental or manufactured material containing 
particles, in an unbound state or as an aggregate or 
as an agglomerate and where, for 50% or more of the 
particles in the number size distribution, one or more 
external dimensions is in the size range 1 nm–100 nm. 
In specifi c cases and where warranted by concerns for 
the environment, health, safety or competitiveness the 
number size distribution threshold of 50% may be re-
placed by a threshold between 1 and 50%” [25].
In Europe, key points of dissension in terms of 
regulatory issues are whether to defi ne nanomaterials 
as new chemicals and how to properly conduct risk 
assessments. Nanomedicine can be very novel syste-
ms. They can converge with medicinal products or 
medical devices or they can be a combination of both. 
The complexity of those systems makes it diffi cult to 
distinguish under which category they will fall and 
which regulation will be applicable [26].
Figure 3. Comparison of nano-region to different things to provide a visual perspective
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Two key limitations have been identifi ed, which 
make the regulation wholly unsuitable for the regulati-
on of nanomaterials and fatally weaken its capacity to 
ensure proper safety for humans and the environment:
- REACH does not insist that nanomaterials are 
separately registered. If considered equivalent to the 
bulk material, a manufacturer does not have to pre-
sent a dossier of hazard information including speci-
fi c data on the nanomaterials and acknowledge any 
novel properties.
- REACH applies only to materials produced in to-
tal quantities of over 1 tone/year, which would exclude 
the majority of nanomaterials from having to be regis-
tered [27]. Furthermore, because nanomaterials usu-
ally occur in low concentrations in the fi nal product, 
further exclusion could occur since no registration is 
required when the concentration of a substance in the 
fi nal product is lower than 0.1% w/w – which may be 
diffi cult to determine for nanoformulations. A further 
issue is the general lack of access to information due to 
commercial confi dentiality clauses [24].
What characterizes nanotechnology is that it pre-
sents both unprecedented challenges by its nature, 
complexity and unpredictability of risk. As nanote-
chnology emerged from laboratories into industrial 
manufacture and then into commercialization the 
potential risks for humans and the environment have 
become a priority [28, 29]. 
Nanomaterials are essentially new and largely un-
tested chemicals and little is known about their persis-
tence, bioaccumulation and toxicity. Therefore, in view 
of the potential risks of nanomaterials to human health 
and the environment and the lack of knowledge, pre-
ventive action should be taken and the precautionary 
principle must be applied. Without a clear knowledge 
of the risks involved for human health and the environ-
ment, products should not be allowed into the market. 
The limitations of EU regulatory frameworks 
must be addressed:
- nanomaterials should be classifi ed as new sub-
stances in EU legislation;
- any defi nition of nanomaterial should not restrict 
the size threshold to 100 nm;
- REACH should take into consideration a need 
for lower threshold requirements for nanomaterials 
(i.e., less than 100 g);
- REACH should require specifi c dossier data for 
nanomaterials; the information should ensure that the 
manufacture, marketing and use of nanomaterials in 
nanomedicine products or others have no harmful 
effects on human health or the environment during 
the entire life cycle;
- nanomedicines that combine both pharmacolo-
gical and mechanical functions should be regulated 
strictly, recognizing the risks of both intentional and 
unintentional releases;
- waste management legislation and guidance 
should be reviewed in light of the need for safe waste 
disposal of nanomaterials [27].
Nanomaterial characteristics need to be identifi ed 
and categorized to ensure appropriate testing metho-
dologies. Research is necessary to both address scien-
tifi c knowledge on the safety, fate and persistence of 
nanomaterials in humans and the environment; and to 
develop standards, guidelines and tools for the detec-
tion and monitoring of nanomaterials and their effects 
on human health and the environment.
The entire lifecycle of nanomedicines, including 
manufacture, disposal and possible environmental 
impacts, must be taken into account when conside-
ring their benefi ts and risks. For example:
- guidelines to assess end-of-life management 
options are needed, taking into account toxicity and 
environmental fate.
- The use of nano-based cleaners and disinfectants 
should be discouraged wherever feasible as their use 
will contribute to the exacerbation of antibacterial re-
sistance, along with other unknown consequences for 
the environment [27].
Regulation in case of nanotechnology is neces-
sary because if we leave it unregulated it is possible 
that some nanomaterials will cause health risks and 
probably raise concerns. At the European level some 
initiatives have recently been put forward in order to 
address the issue of nanomedicine. Until these ini-
tiatives become fi nal a minimum level of safety and 
controlling of risks should be established. In the ab-
sence of a coherent regime and as more nanoproducts 
are entering the market, legislators, researchers and 
manufactures should know how to proceed further 
and what is the relevant regulatory framework when 
dealing with a specifi c product or device.
So far there is neither a separate regulatory regime 
for nanomedicine nor provisions in the existing regime 
that cover nanomedicine. Under this perspective, gui-
delines (so-called soft-law) are needed. Detailed gui-
delines at the current stage will clarify the legal requi-
rements and criteria and will help to the classifi cation 
of cases that are considered as borderline products. So 
far in European level different types of pharmaceutical 
guidelines exist as regulatory guidelines, scientifi c gui-
delines, good manufacturing practice guidelines etc. 
[30]. With regard to borderline products that contain 
characteristics both from medicinal products and me-
dical devices, the European Commission has provided 
some guidelines.
Despite the fact that they are not legally binding 
their contribution as guiding documents that provide 
further information about borderline issues is valu-
able. But the existing guidelines do not contain any 
reference about medicinal products and devices that 
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contain nanomaterials. So the development of guide-
lines that would refer to them could help overcome 
some diffi culties. More specifi cally, guidelines could 
contribute in understanding the dynamics of nanome-
dicine applications.
Conclusions: It is a certain fact that nanomedici-
ne posses unique characteristics and has some risks 
for human health and environment. Nanomedicine is 
innovative and challenges the current regulation exis-
ting in the EU, causing fi rst place uncertainty abo-
ut the category under which they might fall and as 
consequence the regulatory criteria which will apply 
to them. Also the existing regime cannot complete-
ly address the problems that nanoparticles pose. The 
current EU regulation should be able to take into con-
sideration that nanomaterials require a more specifi c 
approach because there are a lot of criteria that give 
them uniqueness, including their chemical compositi-
on. Until more data become available and more regu-
lations developed, the European Union may approach 
the regulation of medical devices and products con-
taining nanoparticles with precautions, trying to make 
their classifi cation more accurate. That can be done 
also by using REACH and other directives.
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